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Abstract
Background: visual and cognitive impairments are common in later life. Yet there are very few cognitive screening tests
for the visually impaired.
Objective: to screen for cognitive impairment in the visually impaired.
Methods: case–control study including 150 elderly participants with visual impairment (n= 74) and a control group
without visual impairment (n= 76) using vision-independent cognitive tests and cognitive screening tests (MMSE and clock
drawing tests (CDT)) which are in part vision dependent.
Results: the scoring of the two groups did not differ in the vision-independent cognitive tests. Visually impaired patients
performed poorer than controls in the vision-dependent items of the MMSE (T = 7.3; df: 148; P < 0.001) and in CDT
(T = 3.1; df: 145; P = 0.003). No group difference was found when vision-independent items were added to MMSE and
CDT. The test score gain by the use of vision-independent items correlated with the severity of visual impairment
(P < 0.002).
Conclusion: visually impaired patients beneﬁt from cognitive tests, which do not rely on vision. The more visually impaired
the greater the beneﬁt.
Keywords: visual impairment, cognitive impairment, cognitive testing
Introduction
Dementia and visual impairment are among the most
common medical conditions in later life [1, 2] and medical
services dealing with older adults are likely to encounter
patients with dual impairments. Cognitive testing in visually
impaired older adults is an under-researched area and many
tests rely on vision. Little research has been conducted to
develop adjusted cognitive measures for the visually impaired
and most studies omitted visual items, rather than offering
vision-independent alternatives [3–6]. This study used cogni-
tive tests that do not require vision and the two most com-
monly used screening tests for cognitive impairment, namely
the Mini-Mental-State-Examination (MMSE) [7] and the
clock drawing test (CDT) [8, 9] which are partly vision de-
pendent. We hypothesised that vision-independent cognitive
testing is more accurate for visually impaired patients.
Methods
Participants
The study was approved by the UK NHS Research Ethics
Committee and all participants gave written informed
consent prior to inclusion. Of 197 potential participants
approached, 150 agreed to take part. Inclusion criteria were
age 60 and older and exclusion criteria were any active
medical, psychiatric or neurological condition that could
affect the ability to handle cognitive screening tests (e.g.
hemiplegia). Participants were considered to be visually
impaired according to WHO criteria [10], i.e. if best near
visual acuity was ≤0.32 (equivalent to LogMAR 0.5).
Visually impaired participants were recruited from the
memory assessment service (n= 34) at Newcastle General
Hospital and the Department of Ophthalmology (n = 40)
at the Royal Victoria Hospital in Newcastle upon Tyne,
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UK. The majority (71 of 74) had acquired visual impair-
ment (e.g. macular degeneration or glaucoma) and three
were congenitally blind. The 76 control participants, i.e.
those without visual impairment, were recruited from the
local community via advertisement (n = 40) and from the
memory assessment service (n= 36).
Procedures
Testing took place at participants’ homes. Demographic
data were derived using a structured questionnaire. Binocular
best visual acuity at presentation was measured using Landolt
Broken Rings Charts [11] at near (test distance 40 cm) with
participants wearing their reading glasses if required.
Activities of daily living were assessed using Bristol activ-
ities of daily living (ADL) [12].
Vision-independent cognitive tests
Three vision-independent cognitive tests were used, includ-
ing the verbal ﬂuency (FAS test) [13], category ﬂuency test
[14] and the Rey auditory verbal learning test (RAVLT) [15].
The FAS test consists of three word naming trials (1 min
each) and required the naming of words starting with either
F, A or S, whereas the category ﬂuency test involves the
naming of as many different animals as possible within 1
min. The number of correct words was counted in both
tests. They measure executive and language skills. In
RAVLT participants were asked to learn, retain (for 30 min)
and to recognise 15 words. The maximum score for each
step is 15 and the test measures episodic verbal memory.
Cognitive screening tests requiring vision
The MMSE [7] (© Psychological Assessment Resources,
Inc.) tests ﬁve distinct cognitive domains: orientation,
working memory, attention, language, praxis and memory. It
includes vision-independent and vision-dependent test items.
The three items relying on vision are the reading, writing,
overlapping pentagon copying tasks. In the naming task visu-
ally impaired participants can touch the presented object
(watch and pencil) before naming it and this task is therefore
not considered vision dependent. Three vision-independent
items (VI-items) were added before or after the MMSE (al-
ternative order between successive participants): participants
were (i) instructed verbally to ‘close your eyes’; (ii) to speak
out a sentence and (iii) to assemble a pentagon, using three-
shaped and textured wooden pieces (see Figure 1a). Each
correct answer scored 1 point (max. 3 points).
The CDT is a vision-dependent task and evaluates com-
prehension, memory, visuo-spatial abilities, abstract thinking
and executive function [16]. An alternative vision-independent
task (i.e. the clock test for the visually impaired (CTVI))
was developed and had two parts: A clock assembly task
(see Figure 1b) and a clock reading task (see Figure 1c).
Both relied on haptic perception. The clock assembly task
involved arranging 12 magnetic numbers on a circular
metallic tray, with the verbal instruction ‘Please arrange these
numbers as they would appear on a clock face’. On a separ-
ate 3D clock, participants had to set the time to 10 min past
11 o’clock. The Manos 10-item rating [8] which allows the
scoring for accuracy of time setting was used for CDT and
CTVI. All participants did both tests. The order was alter-
nated between successive participants.
Statistical analysis
All data were examined for normality using the Kolmogorov–
Smirnov test. The demographics, clinical characteristics and
cognitive test measures were compared between patients
and controls using independent sample parametric (T-tests)
or non-parametric tests (Mann–Whitney U tests) depending
on the data distribution. Pearson Chi-square was used for
two group comparison of categorical data. Pearson or
Spearman correlations were used to establish the relation-
ship between the severity of visual impairment and the po-
tential gain in scoring when comparing VI-items and the
vision-dependent items of MMSE or CTVI and CDT, re-
spectively. Cronbach’s alpha was used to test internal con-
sistency and reliability of VI-items and vision-dependent
items of MMSE and of CTVI and CDT. A P-value≤ 0.05
was considered as a signiﬁcant result.
Results
Demographic and cognitive function of the control and
visually impaired groups are summarised in Table 1.
Figure 1. (a) The three pieces pentagon assembling task used
shaped and textured wooden pieces and the instruction was to
assemble the pentagons according to a template. (b) In the
clock assembly task a metallic tray and 12 magnetic numbers
were provided to the participant. The instruction was to
arrange the numbers as they would appear on the clock face.
(c) In the clock setting task participants were asked to set the
time to 10 min past 11 o’clock.
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There were no gender and education differences
between the groups, but the visually impaired group was
slightly older, more impaired in Bristol ADL and had, as
expected, poorer visual acuity. No group differences were
found when FAS test, category ﬂuency and RAVLT were
compared. The moderately to severely cognitively impaired
participants in both groups were not able to do RAVLT
leaving 47 visually impaired and 54 in the control partici-
pants for the group comparison on this test.
The scoring of the MMSE (vision-independent items)
ranged from 9 to 27 in the control group and from 8 to 27
in the visually impaired group. The visually impaired group
performed signiﬁcantly worse on MMSE items requiring
vision and on CDT than controls. No group differences
were found when VI-items or the CTVI were compared.
Within the control group internal consistencies of vision-
dependent MMSE items and VI-items (Cronbach’s alpha
0.79) and of CDT and CTVI (Cronbach’s alpha 0.83) were
high. Visually impaired patients were found to beneﬁt most
from VI-items and CTVI. There was a signiﬁcant correl-
ation between visual acuity and number of test points
gained by the use of VI-items (rho =−0.719; P< 0.0001)
as well as with the CTVI (rho =−0.370; P = 0.002).
Discussion
Visually impaired patients beneﬁted most from vision-
independent cognitive testing that were based on haptic and
auditory perception. No group difference was found in
vision-independent tests, suggesting that the differences
found in vision-dependent test items reﬂected visual rather
than cognitive impairments. Only the visually impaired
patients beneﬁted from the vision-independent items
(VI-items and CTVI) and the more visual impairment the
greater the beneﬁt. The order of vision-dependent and
vision-independent test items was altered and therefore
results cannot be explained by order effects.
Vision-independent items were pragmatically selected
based on previous research and clinical experience with
visually impaired patients. The pentagon task (part of
VI-items) and the clock assembling task (part of CTVI)
were alternative tasks to drawing, as visual construction
embraces drawing and assembling. Furthermore both tests
combine visual perception, executive and motor function
[17, 18], but drawing relies mainly on visual perception,
whereas assembling relies on perception and haptic func-
tion. Previous reseach found an association between spatial
perception and assembling [19] which further emphases the
similarities of the tests.
As reported in previous studies [20, 21] visually impaired
participants had more ADL impairments than controls.
This illustrates that both perception and cognition are con-
tributing to independent functioning in daily living [22].
Thus if visual impairment remains unrecognised, ADL im-
pairment can falsely be attributed to cognitive impairment.
This potentially contributes to over-diagnosis of dementia,
to misjudging the severity of dementia [23] or to premature
stopping of antidementia drugs [24]. For health profes-
sionals dealing with elderly patients, the screening for visual
and cognitive impairment is equally important.
There are some limitations to this study. Firstly, the
pentagon assembling and the CTVI are bulky. They have
been designed for this study and are handmade which
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Table 1. Demographic data and results
Control group (n= 76) Visually impaired group (n= 74) Statistics
Gender (m:f) 38:38 27:47 Chi-square 2.7; df: 1; P = 0.095; ns*
Age (years) 77.5 (6.0) 79.7 (7.5) T =−2.0; df 148; P= 0.048
Education (years) 10.8 (3.6) 10.1 (3.2) T = 1.3 ; df 148; P= 0.20; ns
Bristol ADL (max. 60) 6.0 (8.7) 11.2 (9.2) U 3967; P < 0.001**
Visual acuity (decimals) 0.50 (0.13) 0.14 (0.11) T = 18.2; df 147; P < 0.001
Vision-independent cognitive tests
Verbal fluency (mean per min) 10.6 (6.3) 10.4 (6.4) T = 0.2; df 143; P = 0.85; ns
Category fluency (mean per min) 14.9 (7.4) 14.3 (7.6) T = 0.46; df 144; P = 0.64; ns
RAVLT-immediate recall (max. 15) 7.0 (4.3) 7.2 (4.0) T =−0.23; df 99; P= 0.82; ns
RAVLT-delayed recall (max. 15) 6.6 (4.6) 7.2 (4.7) T =−0.66; df 94; P= 0.51; ns
RAVLT-recognition (max. 15) 12.7 (3.1) 12.2 (4.6) T = 0.613; df 87; P = 0.54; ns
MMSE vision-independent items (max. 27) 22.6 (5.2) 22.2 (5.9) T = 0.5; df 148;P= 0.63; ns
Vision-dependent test items
MMSE vision-dependent items (max. 3) 2.6 (0.5) 1.7 (1.0) T = 7.3; df 148;P< 0.001
Clock drawing test (CDT) (max. 10) 7.7 (3.1) 5.9 (3.7) T = 3.1; df 145; P = 0.003
Adjusted vision-independent test items
VI-items (max.3) 2.8 (0.5) 2.7 (0.6) T = 1.0; df 143; P = 0.303; ns
CTVI (max. 10) 8.2 (2.9) 7.9 (3.4) T = 0.44; df 131; P = 0.664; ns
Mean and standard deviation (SD) unless otherwise reported. ns, not significant; RAVLT: Rey auditory verbal learning test; MMSE vision-dependent items
include: reading ‘Close your eyes’; writing a sentence and copying overlapping pentagons; vision-independent items (VI-items) added to MMSE include: following
the verbal command ‘Close your eyes’; speaking a sentence and pentagon assembling. CTVI, clock test for the visually impaired.
*Pearson Chi-square.
**Mann–Whitney U Test; otherwise independent sample T-test.
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limits their accessibility. Secondly, error possibilities in
vision-dependent and vision-independent tasks are slightly
different. For example, only having a single set of digits in
the CTVI may reduce the number of repetition errors in
the CTVI compared with the CDT. However, overall the
similarities in scoring in vision-dependent and vision-
independent test items suggest comparable difﬁculties.
Thus while the VI-items and CTVI used were not a perfect
surrogate, we would argue that they are better than standard
vision-dependent items for patients with visual impairment.
Novel, validated vision-independent cognitive screening
tests will need to be developed in the near future to ensure
equal access to early, accurate diagnosis of dementia and
treatment.
Key points
• Commonly used cognitive screening tests are vision-
dependent which limits their use for visually impaired or
blind patients.
• Visually impaired or blind patients beneﬁt from cognitive
tests that do not require vision.
• Vision-independent cognitive tests are important to
ensure accurate diagnosis and equal access to treatment.
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Abstract
Background: ﬁfteen percent of patients with Crohn’s disease (CD) are elderly; they are less likely to have complications
and more likely to have colonic disease.
Objective: to compare disease behaviour in patients with CD based on age at diagnosis.
Design: cross-sectional study.
Setting: tertiary referral centre.
Subjects: patients with conﬁrmed CD.
Methods: behaviour was characterised according to the Montreal classiﬁcation. Patients with either stricturing or penetrat-
ing disease were classiﬁed as having complicated disease. Age at diagnosis was categorised as <17, 17–40, 41–59 and ≥60
years. Logistic regression analysis was performed to examine the association between advanced age ≥60 and complicated
disease.
Results: a total of 467 patients were evaluated between 2004 and 2010. Increasing age of diagnosis was negatively asso-
ciated with complicated disease and positively associated with colonic disease. As age of diagnosis increased, disease dur-
ation (P< 0.001), family history of Inﬂammatory bowel disease (IBD) (P = 0.015) and perianal disease decreased
(P < 0.0015). After adjustment for confounding variables, the association between age at diagnosis and complicated disease
was no longer signiﬁcant (OR: 0.60, 95% CI: 0.21–1.65).
Conclusions: patients diagnosed with CD ≥60 were more likely to have colonic disease and non-complicated disease.
However, the association between age at diagnosis and complicated disease did not persist after adjustment for confounding
variables.
Keywords: Crohn’s disease, aged, phenotype, inflammatory bowel disease, older people
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